The observations on the anomalous behavior of urea and the comparison between urea and thiourea in aqueous solutions have been examined by volumetric and ultrasonic sound velocity techniques at different temperature (298.15, 303.15, 308.15, 313.15, 318.15 and 323.15 K), atmospheric pressure by using a high accuracy vibrating U-tube digital density and ultrasonic sound velocity analyzer. The apparent molar volume (ϕ v ) & apparent molar adiabatic compressibility (ϕ k ) have been calculated from experimental density and ultrasonic sound velocity data respectively and limiting apparent molar volume (ϕ v 0 ), limiting apparent molar adiabatic compressibility (ϕ k 0 ) have been evaluated from apparent molar volume vs. molality plot as intercept. Apparent molar expansibility (ϕ E ) was determined from apparent molar volume and hydration number (n H ) from adiabatic compressibility. The results show very interesting information about strong solute-solvent & solute-solute interactions, and also elaborate the structure making or breaking behavior in the solution mixtures.
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INTROdUCTION
The physico-chemical interaction between various essential molecules in a living organism and cosolutes are very important. Urea is highly active compound in a variety of biological functions in our body and has been referred as protein denaturing agent. Urea provides a significant role in the metabolism of compounds having nitrogen by animals and the highest amount of substance contain nitrogen in the urine of mammals. Body use it in various functions; the most important is nitrogen excretion. Further, urea is an essential basic material for the chemical industry. Thiourea is structurally similar to urea except that the oxygen atom in urea is replaced by a sulfur atom, although the properties of urea & thiourea differ considerably. Thiourea is also a valuable reagent in organic synthesis processes and employed as a source of sulfide. Substituted thioureas are beneficial catalysts for many organic synthesis reactions. Other industrial applications of thiourea such as production of flame retardant resins, vulcanization accelerators, auxiliary agent in diazo paper & light-sensitive photocopy paper and used to tone silver-gelatin photographic prints are also useful applications.
The volumetric and ultrasonic sound velocity data deliver valuable information about the interactions such as solute-solute, solute-solvent etc. Maximum researcher reported that 1,2 urea behave as structure breaker in water. Some researcher reported that urea perform as a structure maker 3 in water. On the other hand, it has been shown that by thermo-chemical & NMR studies of urea has no basically net effect on the structure of water 4 . So, the interaction of urea with water is not yet clearly discussed. For clear observations about the urea effect on water, we study the various parameters of molecular interaction in aqueous urea solutions through volumetric and ultrasonic measurements and also studied the comparison between urea and thiourea. The ultrasonic sound velocity and density measurements 5, 6 and their derived parameter such as, apparent molar volume, limiting apparent molar volume, apparent molar expansibility, adiabatic compressibility, apparent molar adiabatic compressibility and hydration number 7, 8 find wide applications in characterizing the physico-chemical behavior of solution mixture.
ExpERIMENTAL

Materials
Urea (Purity declared by supplier, mass fraction >0.995 % with molar mass 0.06006 kg.mol −1 ) and thiourea (Purity confirmed by supplier, mass fraction >0.995 % with molar mass 0.07612 kg.mol −1 ) was collected from Loba Chemie Pvt. Ltd, India.
Measurement of density and Ultasonic Sound Velocity
The solutions were prepared by using freshly redistilled and degassed water (specific conductance < 10 −6 S cm −1 ). The solutions were prepared (in molality) by weighing on a balance (Mettler Toledo, B204-S, Switzerland) having an accuracy of ± 0.0001g. The densities (ρ) and ultrasonic sound velocity (u) of the solutions were instantly and automatically measured using a density and ultrasonic sound velocity analyzer (DSA 5000, Anton Paar, Austria). A density check or an adjustment of air/water was done at 20°C by using triply distilled, degassed water and dry air at atmospheric pressure. Before measurements, the analyzer was calibrated with redistilled & degassed water in the selection experimental temperature range. Both the density and ultrasonic sound velocity are very sensitive to temperature, thus it was organized to ± 1•10 −3 K by a built-in Peltier device. The sensitivity of the instrument relates to a precision in density and ultrasonic sound velocity measurements of 1•10 (1)
Where m/(mol kg −1 ) is the molality of urea/thiourea in aqueous solutions, ρ/(kg m −3 ) is the density of urea/thiourea solution, ρ0/(kg m Table 1 . & Table 2 . as a function of molality urea & thiourea and temperature. The ϕ v values are represented in Table 1 . The ϕ v values of urea and thiourea in water at different concentration are also graphically presented in Fig. 1(a) and Fig. 1(b) respectively. From the data, it is clearly observed that ϕv values of urea & thiourea increase with both the increase in concentration and increase in temperature. The usual explanation is that the interactions of solute species follows through the destructive overlap of their hydration spheres10. Urea (H 2 N-CO-NH 2 ) and thiourea (H 2 N-CS-NH 2 ) molecules contain -NH 2 , -CO and -CS groups which are hydrophilic groups. So, interaction between solute and water molecules complete through hydrophilic hydration. The interaction of two hydrophilic hydration co-spheres releases some water molecules from the hydration sphere to the bulk results of an increase in volume with an increase in the concentration of urea & thiourea. As the temperature is increased several water molecules from the hydration co-sphere relaxes from the cosphere to the bulk due to thermal agitation thereby increasing the ϕv. Thiourea contain a less hydrophilicity sulfer group, in presence of these group (-CS….H 2 O) hydrogen bond in thiourea is weak and less compact hydration than (-CO…. The calculated ϕ k values of urea and thiourea in water at different temperatures are represented in Table 2 . The ϕ k values of urea and thiourea in water are graphically presented in (4) and (5), (4) (5) The ϕ v 0 and ϕ k 0 values of urea and thiourea in water are reported in Table 1. and Table  2 . respectively against the concentration of urea & thiourea at various temperatures. It is clearly observed that the values of ϕ v 0 are positive and increase with increase in temperature, which indicates that there exists strong interactions between solute-solvent that are more suitable at higher temperatures. The ϕ v 0 increase with increase in temperature may be owing to the following facts: (i) at higher temperature due to the increasing thermal energy of water molecules, the hydrophilic water molecules is relaxed from the interaction regions of -NH 2 , -CO and -CS groups of urea, thiourea molecules results of a positive volume change & (ii) the interactions between water and water decreases with increase in temperature giving rise a very small negative change in volume. The linear increasing change of ϕ v with molality shows that the interactions between urea and water increase with the increase in concentration of urea at the experimental temperatures. Similar nature was stated previously by concentration dependence studies of apparent molar volume of aqueous solutions of urea by Stokes11.
It was observed that the values of ϕ k 0 are negative at low temperatures & the magnitudes of ϕ k 0 values increase with increase in temperature and become positive in magnitude at higher experimental temperatures. The negative values of ϕ k 0 specify that the water molecules surrounding urea & thiourea are less compressible than that are present in bulk medium and increase in magnitude or become positive at elevated temperature, which may be recognized to the melting of rigid hydration structures around the urea and thiourea molecule. The water molecules exist in the monomeric form are more compressible.
Hydration number
The hydration number of amino acid was calculated using equation 12 (6)
where n w is the number of moles of water n s is the number of moles of solute, β s /Pa −1 is the adiabatic compressibility of aqueous solution and β s 0 /Pa −1 is the adiabatic compressibility of urea and thiourea in aqueous solution.
The hydration number of urea and thiourea calculated by above equation are listed in Table 2 .
The n H values of urea and thiourea in water are also graphically represented in Fig. 3(e) and Fig. 3(f) respectively. From the data, it is observed that nH values of urea & thiourea decrease with increase in the temperature and with increase in concentration of urea and thiourea. The decrease in hydration number with the increase in urea and thiourea molality is attributed to the removal of H 2 O molecules from the hydration sphere due to the overlap of cospheres of urea and thiourea molecules. As the temperature is increased some H 2 O molecules from hydration cosphere relaxes to the bulk due to thermal agitation thereby decreasing the hydration number. n H of thiourea is more than the urea due to the bigger sulphur atom which is less hydrophilic than oxygen atom in urea molecule. Due to the increasing hydrophobicity behavior of thiourea, more hydration number observes for thiourea than urea in solution.
Limiting Apparent Molar Expansibility
The ϕ v 0 values are highly sensitive to temperature 13 , and can be retrogression against the temp. using following equation [14] [15] [16] ,
Where, T is the temperature in Kelvin, T m is mean value of the studied temp. (here T m = 310.65 K). The value of coefficients A, B & C were measured through polynomial fits and summarized in Table 3 . The limiting partial molar expansibility (ϕ E 0 ), noted as a partial derivative of limiting partial molar volume with respect to temp., can be measured using the B & C parameters described in above relation.
Calculated values of ϕ E 0 are shown in Table  3 . with the fitting parameters of eq. 7. The Hepler's constant (∂ 2 ϕ v 0 /∂T 2 )p, provides detailed information on the hydration interaction in terms of structure making and breaking capacity of the solute, which can be obtained from equation (9) (
Hepler [17] [18] argued that a positive value of (∂ 2 ϕ v 0 /∂T 2 ) p is associated with structure making nature, whereas a negative value of (∂ 2 ϕ v 0 /∂T 2 p is associated with a structure braking nature. It is apparent that the values of (∂ /∂T 2 ) p value for thiourea is more negative than urea solution. Urea and thiourea solutions are attributed to the coordination of water molecules around urea and thiourea molecules through hydrophilic hydration. When the temperature is increased, the interactions between solute molecules become significant, and the hydrated water molecules around the hydrophilic groups are relaxed to bulk, and hence, urea and thiourea shows structure-breaking behavior. Probably due to bigger atomic size of sulfur, more interaction occurs between thiourea molecules and shows more structure breaking behavior. In hydration number observation, it's observed that hydration number of thiourea is higher than urea, this is due to the more interaction of water molecule detach from hydration sphere to bulk results of more structure breaking behavior of thiourea. The ϕ v values of urea become more negative than thiourea, indicating that strong hydrophilic hydration of urea occurs together with the clustering of water in the bulk. Due to the strong hydrophilic hydration (strong hydrogen bond) of urea, ϕ k values of urea increase than thiourea molecule. The ϕ v 0 values increase with an increase in temperature for both urea and thiourea. Solute-solvent interactions are more efficient for thiourea than urea because of more ability detachment of water molecule from thiourea. The ϕ k 0 values increase with an increase in temperature for both urea and thiourea. Because of more water molecule detachment from hydration sphere of thiourea, possibility of monomeric water molecule increases and ϕ k 0 values increase than urea molecule. The nH values of urea and thiourea decrease with an increase in temp. & concentration of urea and thiourea. Due to the strong solute-solute interaction, more water molecule relaxes from hydration sphere of solute for both cases of temperature and concentration. More hydration number of thiourea are higher than urea because of increasing hydrophobic character for thiourea. From the expansibility measurement, it clearly observe that (∂ 2 ϕ v 0 /∂T 2 ) p value for thiourea is more negative than urea solution. So, thiourea shows more structure breaking behavior than urea in solution.
